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Hundreds	 ﾠof	 ﾠeukaryotic	 ﾠmembrane	 ﾠproteins	 ﾠare	 ﾠanchored	 ﾠto	 ﾠmembranes	 ﾠby	 ﾠa	 ﾠsingle	 ﾠ
transmembrane	 ﾠ domain	 ﾠ at	 ﾠ their	 ﾠ C-ﾭ‐terminus.	 ﾠ Many	 ﾠ of	 ﾠ these	 ﾠ tail-ﾭ‐anchored	 ﾠ (TA)	 ﾠ
proteins	 ﾠ are	 ﾠ post-ﾭ‐translationally	 ﾠ targeted	 ﾠ to	 ﾠ the	 ﾠ endoplasmic	 ﾠ reticulum	 ﾠ (ER)	 ﾠ
membrane	 ﾠfor	 ﾠinsertion	 ﾠby	 ﾠthe	 ﾠGuided-ﾭ‐Entry	 ﾠof	 ﾠTA	 ﾠprotein	 ﾠinsertion	 ﾠ(GET)	 ﾠpathway.	 ﾠ
In	 ﾠ recent	 ﾠ years	 ﾠ most	 ﾠ of	 ﾠ the	 ﾠ components	 ﾠ of	 ﾠ this	 ﾠ conserved	 ﾠ pathway	 ﾠ have	 ﾠ been	 ﾠ
biochemically	 ﾠand	 ﾠstructurally	 ﾠcharacterized.	 ﾠGet3	 ﾠis	 ﾠthe	 ﾠpathway	 ﾠtargeting	 ﾠfactor	 ﾠ
that	 ﾠutilizes	 ﾠnucleotide-ﾭ‐linked	 ﾠconformational	 ﾠchanges	 ﾠto	 ﾠmediate	 ﾠthe	 ﾠdelivery	 ﾠof	 ﾠTA	 ﾠ
proteins	 ﾠ between	 ﾠ the	 ﾠ GET	 ﾠ pre-ﾭ‐targeting	 ﾠ machinery	 ﾠ in	 ﾠ the	 ﾠ cytosol	 ﾠ and	 ﾠ the	 ﾠ
transmembrane	 ﾠpathway	 ﾠcomponents	 ﾠin	 ﾠthe	 ﾠER.	 ﾠHere	 ﾠwe	 ﾠfocus	 ﾠon	 ﾠthe	 ﾠmechanism	 ﾠof	 ﾠ
the	 ﾠ yeast	 ﾠ GET	 ﾠ pathway	 ﾠ and	 ﾠ make	 ﾠ a	 ﾠ speculative	 ﾠ analogy	 ﾠ between	 ﾠ its	 ﾠ membrane	 ﾠ
insertion	 ﾠstep	 ﾠand	 ﾠthe	 ﾠATPase-ﾭ‐driven	 ﾠcycle	 ﾠof	 ﾠABC	 ﾠtransporters.	 ﾠ	 ﾠINTRODUCTION	 ﾠ
The	 ﾠmechanism	 ﾠof	 ﾠmembrane	 ﾠprotein	 ﾠinsertion	 ﾠinto	 ﾠthe	 ﾠendoplasmic	 ﾠreticulum	 ﾠ(ER)	 ﾠ
has	 ﾠbeen	 ﾠextensively	 ﾠstudied	 ﾠfor	 ﾠmany	 ﾠyears	 ﾠ(Shao	 ﾠand	 ﾠHegde,	 ﾠ2011).	 ﾠFrom	 ﾠthis	 ﾠ
work,	 ﾠthe	 ﾠsignal	 ﾠrecognition	 ﾠparticle	 ﾠ(SRP)/Sec61	 ﾠpathway	 ﾠhas	 ﾠemerged	 ﾠas	 ﾠa	 ﾠ
textbook	 ﾠexample	 ﾠof	 ﾠa	 ﾠco-ﾭ‐translational	 ﾠmembrane	 ﾠinsertion	 ﾠmechanism	 ﾠ(Grudnik	 ﾠet	 ﾠ
al.,	 ﾠ2009).	 ﾠThe	 ﾠSRP	 ﾠbinds	 ﾠa	 ﾠhydrophobic	 ﾠsegment	 ﾠ(either	 ﾠa	 ﾠcleavable	 ﾠN-ﾭ‐terminal	 ﾠ
signal	 ﾠsequence	 ﾠor	 ﾠa	 ﾠtransmembrane	 ﾠdomain)	 ﾠimmediately	 ﾠafter	 ﾠit	 ﾠemerges	 ﾠfrom	 ﾠthe	 ﾠ
ribosomal	 ﾠexit	 ﾠtunnel.	 ﾠThis	 ﾠresults	 ﾠin	 ﾠa	 ﾠtranslational	 ﾠpause	 ﾠthat	 ﾠpersists	 ﾠuntil	 ﾠSRP	 ﾠ
engages	 ﾠits	 ﾠreceptor	 ﾠin	 ﾠthe	 ﾠendoplasmic	 ﾠreticulum	 ﾠ(ER)	 ﾠand	 ﾠdelivers	 ﾠthe	 ﾠribosome-ﾭ‐
nascent	 ﾠchain	 ﾠcomplex	 ﾠto	 ﾠthe	 ﾠSec61	 ﾠchannel.	 ﾠLastly,	 ﾠthe	 ﾠSec61	 ﾠchannel	 ﾠenables	 ﾠ
protein	 ﾠtranslocation	 ﾠinto	 ﾠthe	 ﾠER	 ﾠlumen	 ﾠalong	 ﾠwith	 ﾠpartitioning	 ﾠof	 ﾠhydrophobic	 ﾠ
transmembrane	 ﾠdomains	 ﾠinto	 ﾠthe	 ﾠlipid	 ﾠbilayer	 ﾠthrough	 ﾠthe	 ﾠSec61	 ﾠlateral	 ﾠgate	 ﾠ
(Rapoport,	 ﾠ2007).	 ﾠ	 ﾠ
	 ﾠ
Approximately	 ﾠ5%	 ﾠof	 ﾠall	 ﾠeukaryotic	 ﾠmembrane	 ﾠproteins	 ﾠhave	 ﾠan	 ﾠER	 ﾠtargeting	 ﾠsignal	 ﾠ
in	 ﾠa	 ﾠsingle	 ﾠC-ﾭ‐terminal	 ﾠtransmembrane	 ﾠdomain	 ﾠthat	 ﾠemerges	 ﾠfrom	 ﾠthe	 ﾠribosome	 ﾠexit	 ﾠ
tunnel	 ﾠfollowing	 ﾠcompletion	 ﾠof	 ﾠprotein	 ﾠsynthesis	 ﾠand	 ﾠis	 ﾠnot	 ﾠrecognized	 ﾠby	 ﾠthe	 ﾠSRP	 ﾠ
(Stefanovic	 ﾠand	 ﾠHegde,	 ﾠ2007).	 ﾠNonetheless,	 ﾠbecause	 ﾠhydrophobic	 ﾠpeptides	 ﾠin	 ﾠthe	 ﾠ
cytoplasm	 ﾠare	 ﾠprone	 ﾠto	 ﾠaggregation	 ﾠand	 ﾠsubject	 ﾠto	 ﾠdegradation	 ﾠby	 ﾠquality	 ﾠcontrol	 ﾠ
systems	 ﾠ(Hessa	 ﾠet	 ﾠal.,	 ﾠ2011),	 ﾠthese	 ﾠtail-ﾭ‐anchored	 ﾠ(TA)	 ﾠproteins	 ﾠstill	 ﾠhave	 ﾠto	 ﾠbe	 ﾠ
specifically	 ﾠrecognized,	 ﾠshielded	 ﾠfrom	 ﾠthe	 ﾠaqueous	 ﾠenvironment,	 ﾠand	 ﾠguided	 ﾠto	 ﾠthe	 ﾠ
ER	 ﾠmembrane	 ﾠfor	 ﾠinsertion.	 ﾠIn	 ﾠthe	 ﾠpast	 ﾠfive	 ﾠyears,	 ﾠthe	 ﾠGuided	 ﾠEntry	 ﾠof	 ﾠTA	 ﾠproteins	 ﾠ(GET)	 ﾠpathway	 ﾠhas	 ﾠcome	 ﾠto	 ﾠprominence	 ﾠas	 ﾠthe	 ﾠmajor	 ﾠmachinery	 ﾠfor	 ﾠperforming	 ﾠ
these	 ﾠtasks	 ﾠand	 ﾠthe	 ﾠenabler	 ﾠof	 ﾠmany	 ﾠkey	 ﾠcellular	 ﾠprocesses	 ﾠmediated	 ﾠby	 ﾠTA	 ﾠproteins	 ﾠ
including	 ﾠvesicle	 ﾠfusion,	 ﾠmembrane	 ﾠprotein	 ﾠinsertion,	 ﾠand	 ﾠapoptosis.	 ﾠThis	 ﾠresearch	 ﾠ
has	 ﾠrapidly	 ﾠyielded	 ﾠbiochemical	 ﾠand	 ﾠstructural	 ﾠinsights	 ﾠ(Tables	 ﾠ1	 ﾠand	 ﾠ2)	 ﾠinto	 ﾠmany	 ﾠ
of	 ﾠthe	 ﾠGET	 ﾠpathway	 ﾠcomponents	 ﾠ(Chartron	 ﾠet	 ﾠal.,	 ﾠ2012a;	 ﾠDenic,	 ﾠ2012;	 ﾠHegde	 ﾠand	 ﾠ
Keenan,	 ﾠ2011).	 ﾠIn	 ﾠparticular,	 ﾠGet3	 ﾠis	 ﾠan	 ﾠATPase	 ﾠthat	 ﾠuses	 ﾠmetabolic	 ﾠenergy	 ﾠto	 ﾠbridge	 ﾠ
recognition	 ﾠof	 ﾠTA	 ﾠproteins	 ﾠby	 ﾠupstream	 ﾠpathway	 ﾠcomponents	 ﾠwith	 ﾠTA	 ﾠprotein	 ﾠ
recruitment	 ﾠto	 ﾠthe	 ﾠER	 ﾠfor	 ﾠmembrane	 ﾠinsertion.	 ﾠHowever,	 ﾠthe	 ﾠprecise	 ﾠmechanisms	 ﾠof	 ﾠ
nucleotide-ﾭ‐dependent	 ﾠTA	 ﾠprotein	 ﾠbinding	 ﾠto	 ﾠGet3	 ﾠand	 ﾠhow	 ﾠthe	 ﾠGET	 ﾠpathway	 ﾠinserts	 ﾠ
tail	 ﾠanchors	 ﾠinto	 ﾠthe	 ﾠmembrane	 ﾠare	 ﾠstill	 ﾠpoorly	 ﾠunderstood.	 ﾠHere,	 ﾠwe	 ﾠprovide	 ﾠan	 ﾠ
overview	 ﾠof	 ﾠthe	 ﾠbudding	 ﾠyeast	 ﾠGET	 ﾠpathway	 ﾠwith	 ﾠemphasis	 ﾠon	 ﾠmechanistic	 ﾠinsights	 ﾠ
that	 ﾠhave	 ﾠcome	 ﾠfrom	 ﾠstructural	 ﾠstudies	 ﾠof	 ﾠits	 ﾠmembrane-ﾭ‐associated	 ﾠsteps	 ﾠand	 ﾠmake	 ﾠ
a	 ﾠspeculative	 ﾠjuxtaposition	 ﾠwith	 ﾠthe	 ﾠABC	 ﾠtransporter	 ﾠmechanism.	 ﾠ
	 ﾠ
TA	 ﾠprotein	 ﾠcapture	 ﾠby	 ﾠthe	 ﾠGET	 ﾠpathway	 ﾠ
The	 ﾠfirst	 ﾠstep	 ﾠin	 ﾠall	 ﾠmembrane	 ﾠprotein	 ﾠinsertion	 ﾠpathways	 ﾠis	 ﾠthe	 ﾠselective	 ﾠcapture	 ﾠof	 ﾠ
substrates.	 ﾠThe	 ﾠC-ﾭ‐terminal	 ﾠhydrophobic	 ﾠanchors	 ﾠof	 ﾠTA	 ﾠproteins	 ﾠdon’t	 ﾠinteract	 ﾠ
efficiently	 ﾠwith	 ﾠSRP	 ﾠafter	 ﾠthey	 ﾠemerge	 ﾠfrom	 ﾠthe	 ﾠribosome	 ﾠexit	 ﾠtunnel	 ﾠfollowing	 ﾠ
completion	 ﾠof	 ﾠprotein	 ﾠsynthesis	 ﾠ(Stefanovic	 ﾠand	 ﾠHegde,	 ﾠ2007).	 ﾠInstead,	 ﾠthey	 ﾠare	 ﾠ
shielded	 ﾠfrom	 ﾠthe	 ﾠaqueous	 ﾠenvironment	 ﾠby	 ﾠthe	 ﾠpre-ﾭ‐targeting	 ﾠcomplex	 ﾠof	 ﾠthe	 ﾠGET	 ﾠ
pathway,	 ﾠwhich	 ﾠcomprises	 ﾠSgt2	 ﾠ(a	 ﾠsmall	 ﾠglutamine-ﾭ‐rich	 ﾠtetratricopeptide	 ﾠrepeat	 ﾠ
(TPR)-ﾭ‐containing	 ﾠprotein;),	 ﾠGet4,	 ﾠand	 ﾠGet5	 ﾠ(Figure	 ﾠ1).	 ﾠSgt2	 ﾠbinds	 ﾠdirectly	 ﾠto	 ﾠtail	 ﾠanchors	 ﾠvia	 ﾠits	 ﾠC-ﾭ‐terminal	 ﾠdomain,	 ﾠwhich	 ﾠis	 ﾠable	 ﾠto	 ﾠdiscriminate	 ﾠbetween	 ﾠTA	 ﾠ
proteins	 ﾠdestined	 ﾠfor	 ﾠthe	 ﾠER	 ﾠand	 ﾠthose	 ﾠdestined	 ﾠfor	 ﾠthe	 ﾠmitochondria	 ﾠ(Wang	 ﾠet	 ﾠal.,	 ﾠ
2010).	 ﾠDefining	 ﾠthe	 ﾠstructural	 ﾠbasis	 ﾠof	 ﾠsubstrate	 ﾠrecognition	 ﾠby	 ﾠthis	 ﾠSgt2	 ﾠdomain	 ﾠhas	 ﾠ
been	 ﾠhampered	 ﾠby	 ﾠits	 ﾠpoorly-ﾭ‐folded	 ﾠnature	 ﾠ(Chartron	 ﾠet	 ﾠal.,	 ﾠ2011)	 ﾠbut	 ﾠwe	 ﾠhave	 ﾠmore	 ﾠ
structural	 ﾠinformation	 ﾠon	 ﾠthe	 ﾠother	 ﾠSgt2	 ﾠdomains	 ﾠand	 ﾠcomponents	 ﾠof	 ﾠthe	 ﾠpre-ﾭ‐
targeting	 ﾠcomplex.	 ﾠThe	 ﾠcentral	 ﾠTPR	 ﾠdomain	 ﾠof	 ﾠSgt2	 ﾠhas	 ﾠa	 ﾠcanonical	 ﾠstructure	 ﾠthat	 ﾠ
enables	 ﾠit	 ﾠto	 ﾠassociate	 ﾠwith	 ﾠa	 ﾠvariety	 ﾠof	 ﾠchaperones	 ﾠ(Chartron	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠKohl	 ﾠet	 ﾠal.,	 ﾠ
2011;	 ﾠWang	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠSgt2’s	 ﾠN-ﾭ‐terminal	 ﾠdomain	 ﾠmediates	 ﾠboth	 ﾠ
homodimerization	 ﾠand	 ﾠbinding	 ﾠto	 ﾠthe	 ﾠcentral,	 ﾠubiquitin-ﾭ‐like	 ﾠdomain	 ﾠof	 ﾠGet5	 ﾠ(Chang	 ﾠ
et	 ﾠal.,	 ﾠ2010;	 ﾠChartron	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠLiou	 ﾠand	 ﾠWang,	 ﾠ2005).	 ﾠThe	 ﾠC-ﾭ‐terminal	 ﾠdomain	 ﾠof	 ﾠ
Get5	 ﾠassumes	 ﾠa	 ﾠnovel,	 ﾠhelical	 ﾠbundle	 ﾠfold	 ﾠthat	 ﾠmediates	 ﾠhomodimerization	 ﾠ
(Chartron	 ﾠet	 ﾠal.,	 ﾠ2012b).	 ﾠGet4	 ﾠis	 ﾠan	 ﾠelongated,	 ﾠα-ﾭ‐helical	 ﾠsolenoid	 ﾠ(Bozkurt	 ﾠet	 ﾠal.,	 ﾠ
2010;	 ﾠChang	 ﾠet	 ﾠal.,	 ﾠ2010;	 ﾠChartron	 ﾠet	 ﾠal.,	 ﾠ2010)	 ﾠthat	 ﾠforms	 ﾠa	 ﾠtight	 ﾠcomplex	 ﾠwith	 ﾠthe	 ﾠ
N-ﾭ‐terminus	 ﾠof	 ﾠGet5	 ﾠat	 ﾠone	 ﾠend	 ﾠand	 ﾠa	 ﾠmore	 ﾠlabile	 ﾠcomplex	 ﾠwith	 ﾠGet3	 ﾠat	 ﾠthe	 ﾠother	 ﾠ
(Chang	 ﾠet	 ﾠal.,	 ﾠ2010;	 ﾠChartron	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠIn	 ﾠaddition	 ﾠto	 ﾠthis	 ﾠwealth	 ﾠof	 ﾠpiecemeal	 ﾠ
structural	 ﾠinformation,	 ﾠa	 ﾠkey	 ﾠinsight	 ﾠinto	 ﾠthe	 ﾠfunction	 ﾠof	 ﾠGet4/5	 ﾠcame	 ﾠfrom	 ﾠthe	 ﾠ
observation	 ﾠthat	 ﾠthese	 ﾠcomponents	 ﾠof	 ﾠthe	 ﾠGET	 ﾠpathway	 ﾠfacilitate	 ﾠtransfer	 ﾠof	 ﾠTA	 ﾠ
proteins	 ﾠfrom	 ﾠSgt2	 ﾠto	 ﾠGet3	 ﾠby	 ﾠa	 ﾠdual	 ﾠmechanism	 ﾠ(Wang	 ﾠet	 ﾠal.,	 ﾠ2010):	 ﾠthey	 ﾠincrease	 ﾠ
the	 ﾠlocal	 ﾠconcentration	 ﾠof	 ﾠGet3	 ﾠnear	 ﾠTA	 ﾠproteins	 ﾠheld	 ﾠby	 ﾠSgt2	 ﾠand	 ﾠmake	 ﾠGet3	 ﾠmore	 ﾠ
receptive	 ﾠfor	 ﾠsubstrate	 ﾠbinding.	 ﾠThe	 ﾠprecise	 ﾠstoichiometry	 ﾠand	 ﾠmechanistic	 ﾠdetails	 ﾠ
of	 ﾠthe	 ﾠpre-ﾭ‐targeting	 ﾠstep	 ﾠin	 ﾠthe	 ﾠGET	 ﾠpathway	 ﾠremain	 ﾠto	 ﾠbe	 ﾠworked	 ﾠout.	 ﾠFor	 ﾠexample,	 ﾠ
do	 ﾠGet4/5	 ﾠenable	 ﾠa	 ﾠTA	 ﾠprotein	 ﾠ“hand-ﾭ‐off”	 ﾠmechanism	 ﾠbetween	 ﾠSgt2	 ﾠand	 ﾠGet3	 ﾠduring	 ﾠ
which	 ﾠthe	 ﾠsubstrate’s	 ﾠhydrophobic	 ﾠanchor	 ﾠis	 ﾠtransiently	 ﾠbound	 ﾠto	 ﾠboth	 ﾠTA	 ﾠprotein	 ﾠchaperones?	 ﾠWhat	 ﾠmechanism	 ﾠmakes	 ﾠGet3	 ﾠmore	 ﾠreceptive	 ﾠto	 ﾠbind	 ﾠTA	 ﾠproteins	 ﾠwhen	 ﾠ
it	 ﾠbecomes	 ﾠtransiently	 ﾠrecruited	 ﾠto	 ﾠthe	 ﾠpre-ﾭ‐targeting	 ﾠcomplex?	 ﾠRegardless	 ﾠof	 ﾠthese	 ﾠ
details,	 ﾠthe	 ﾠbaroque	 ﾠnature	 ﾠof	 ﾠthe	 ﾠpre-ﾭ‐targeting	 ﾠstep	 ﾠin	 ﾠthe	 ﾠGET	 ﾠpathway	 ﾠsuggests	 ﾠ
that	 ﾠthis	 ﾠmechanism	 ﾠis	 ﾠbeing	 ﾠused	 ﾠto	 ﾠrapidly	 ﾠand	 ﾠselectively	 ﾠchannel	 ﾠthe	 ﾠappropriate	 ﾠ
substrates	 ﾠfrom	 ﾠthe	 ﾠribosome	 ﾠto	 ﾠGet3.	 ﾠ	 ﾠ
	 ﾠ
TA	 ﾠprotein	 ﾠrecognition	 ﾠby	 ﾠthe	 ﾠGet3	 ﾠATPase	 ﾠ
Get3	 ﾠis	 ﾠan	 ﾠATPase	 ﾠof	 ﾠthe	 ﾠSIMIBI	 ﾠclass	 ﾠof	 ﾠNTP	 ﾠbinding	 ﾠproteins	 ﾠ(Leipe	 ﾠet	 ﾠal.,	 ﾠ2002).	 ﾠ	 ﾠ
The	 ﾠfunction	 ﾠof	 ﾠGet3	 ﾠis	 ﾠto	 ﾠshuttle	 ﾠTA	 ﾠproteins	 ﾠbetween	 ﾠthe	 ﾠpre-ﾭ‐targeting	 ﾠcomplex	 ﾠin	 ﾠ
the	 ﾠcytoplasm	 ﾠand	 ﾠthe	 ﾠtransmembrane	 ﾠcomponents	 ﾠof	 ﾠthe	 ﾠGET	 ﾠpathway	 ﾠin	 ﾠthe	 ﾠER	 ﾠ
(Schuldiner	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠNumerous	 ﾠcrystal	 ﾠstructures	 ﾠof	 ﾠfungal	 ﾠGet3	 ﾠproteins	 ﾠin	 ﾠ
different	 ﾠnucleotide-ﾭ‐bound	 ﾠstates	 ﾠhave	 ﾠyielded	 ﾠa	 ﾠplausible	 ﾠstructural	 ﾠmodel	 ﾠfor	 ﾠ
substrate	 ﾠrecognition	 ﾠby	 ﾠGet3	 ﾠ(Simpson	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠSpecifically,	 ﾠGet3	 ﾠis	 ﾠa	 ﾠ
homodimer	 ﾠwith	 ﾠsubunit	 ﾠinteractions	 ﾠstabilized	 ﾠby	 ﾠa	 ﾠcoordinated	 ﾠzinc	 ﾠion.	 ﾠEach	 ﾠ
monomer	 ﾠcomprises	 ﾠa	 ﾠcore	 ﾠnucleotide-ﾭ‐binding	 ﾠdomain	 ﾠ(NBD)	 ﾠwith	 ﾠinterspersed	 ﾠα-ﾭ‐
helical	 ﾠinsertions.	 ﾠSeveral	 ﾠpieces	 ﾠof	 ﾠevidence	 ﾠargue	 ﾠthat	 ﾠthese	 ﾠhelices	 ﾠcomprise	 ﾠthe	 ﾠ
TA	 ﾠprotein-ﾭ‐binding	 ﾠdomain	 ﾠ(TABD).	 ﾠFirst,	 ﾠthe	 ﾠTABD	 ﾠhelices	 ﾠare	 ﾠamphipathic	 ﾠand	 ﾠ
enriched	 ﾠin	 ﾠmethionine	 ﾠand	 ﾠhydrophobic	 ﾠresidues,	 ﾠa	 ﾠstructural	 ﾠfeature	 ﾠshared	 ﾠwith	 ﾠ
the	 ﾠM-ﾭ‐domain	 ﾠof	 ﾠthe	 ﾠSRP,	 ﾠwhich	 ﾠis	 ﾠinvolved	 ﾠin	 ﾠsignal	 ﾠsequence	 ﾠbinding	 ﾠ(Hainzl	 ﾠet	 ﾠal.,	 ﾠ
2011;	 ﾠJanda	 ﾠet	 ﾠal.,	 ﾠ2010;	 ﾠKeenan	 ﾠet	 ﾠal.,	 ﾠ1998;	 ﾠRosendal	 ﾠet	 ﾠal.,	 ﾠ2003).	 ﾠ	 ﾠMoreover,	 ﾠ
hydrophilic	 ﾠmutations	 ﾠat	 ﾠthese	 ﾠresidues	 ﾠresult	 ﾠin	 ﾠreduced	 ﾠTA	 ﾠprotein	 ﾠbinding	 ﾠto	 ﾠ
Get3	 ﾠ(Mateja	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠSecond,	 ﾠin	 ﾠcertain	 ﾠnucleotide	 ﾠbound	 ﾠstates	 ﾠ(see	 ﾠbelow),	 ﾠthe	 ﾠTABD	 ﾠbecomes	 ﾠstructured	 ﾠinto	 ﾠa	 ﾠlarge,	 ﾠcomposite	 ﾠhydrophobic	 ﾠgroove	 ﾠwith	 ﾠ
contributions	 ﾠfrom	 ﾠboth	 ﾠmonomers	 ﾠand	 ﾠthe	 ﾠappropriate	 ﾠdimensions	 ﾠto	 ﾠreceive	 ﾠan	 ﾠ
alpha	 ﾠhelical	 ﾠtail	 ﾠanchor	 ﾠ(Mateja	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠLastly,	 ﾠhydrogen-ﾭ‐deuterium	 ﾠexchange	 ﾠ
mass	 ﾠspectrometry	 ﾠexperiments	 ﾠhave	 ﾠrevealed	 ﾠthat	 ﾠspecific	 ﾠparts	 ﾠof	 ﾠthe	 ﾠTABD	 ﾠare	 ﾠ
protected	 ﾠfrom	 ﾠexchange	 ﾠby	 ﾠTA	 ﾠprotein	 ﾠbinding	 ﾠ(Bozkurt	 ﾠet	 ﾠal.,	 ﾠ2009).	 ﾠ	 ﾠ
While	 ﾠthe	 ﾠTABD	 ﾠis	 ﾠundoubtedly	 ﾠthe	 ﾠsite	 ﾠof	 ﾠTA	 ﾠprotein	 ﾠbinding	 ﾠto	 ﾠGet3,	 ﾠthe	 ﾠprecise	 ﾠ
stoichiometry	 ﾠof	 ﾠGet3-ﾭ‐TA	 ﾠprotein	 ﾠcomplexes	 ﾠis	 ﾠa	 ﾠmatter	 ﾠof	 ﾠdebate.	 ﾠSmall-ﾭ‐angle	 ﾠx-ﾭ‐ray	 ﾠ
scattering	 ﾠand	 ﾠanalytical	 ﾠultracentrifugation	 ﾠstudies	 ﾠwith	 ﾠfungal	 ﾠGet3	 ﾠhomologs	 ﾠhave	 ﾠ
found	 ﾠthat	 ﾠGet3	 ﾠbound	 ﾠto	 ﾠTA	 ﾠproteins	 ﾠis	 ﾠa	 ﾠtetramer	 ﾠ(Bozkurt	 ﾠet	 ﾠal.,	 ﾠ2009;	 ﾠSuloway	 ﾠet	 ﾠ
al.,	 ﾠ2012).	 ﾠThis	 ﾠview	 ﾠis	 ﾠfurther	 ﾠsupported	 ﾠby	 ﾠthe	 ﾠcrystal	 ﾠstructure	 ﾠof	 ﾠan	 ﾠarchaeal	 ﾠGet3	 ﾠ
homolog	 ﾠshowing	 ﾠa	 ﾠtetramer	 ﾠwith	 ﾠa	 ﾠhead-ﾭ‐to-ﾭ‐head	 ﾠarrangement	 ﾠof	 ﾠTABDs	 ﾠ(Suloway	 ﾠ
et	 ﾠal.,	 ﾠ2012).	 ﾠIt	 ﾠis	 ﾠworth	 ﾠpointing	 ﾠout	 ﾠthat	 ﾠtetrameric	 ﾠGet3	 ﾠspecies	 ﾠbound	 ﾠto	 ﾠTA	 ﾠ
proteins	 ﾠcome	 ﾠfrom	 ﾠproteins	 ﾠco-ﾭ‐overexpressed	 ﾠin	 ﾠE.	 ﾠcoli	 ﾠin	 ﾠthe	 ﾠabsence	 ﾠof	 ﾠthe	 ﾠpre-ﾭ‐
targeting	 ﾠpathway	 ﾠcomponents.	 ﾠFuture	 ﾠstudies	 ﾠshould	 ﾠestablish	 ﾠthe	 ﾠstoichiometry	 ﾠof	 ﾠ
Get3-ﾭ‐TA	 ﾠprotein	 ﾠcomplexes	 ﾠassembled	 ﾠfollowing	 ﾠTA	 ﾠprotein	 ﾠdelivery	 ﾠby	 ﾠ
Get4/Get5/Sgt2	 ﾠ(Wang	 ﾠet	 ﾠal.,	 ﾠ2010).	 ﾠ
	 ﾠ
The	 ﾠcrystal	 ﾠstructures	 ﾠof	 ﾠthe	 ﾠGet3	 ﾠdimer	 ﾠhave	 ﾠalso	 ﾠrevealed	 ﾠhow	 ﾠnucleotide-ﾭ‐	 ﾠ
dependent	 ﾠconformational	 ﾠchanges	 ﾠin	 ﾠthe	 ﾠNBD	 ﾠare	 ﾠpropagated	 ﾠto	 ﾠthe	 ﾠTABD	 ﾠ(Figure	 ﾠ
2).	 ﾠSpecifically,	 ﾠin	 ﾠthe	 ﾠapo	 ﾠand	 ﾠMg2+-ﾭ‐free	 ﾠADP	 ﾠstates,	 ﾠthe	 ﾠGet3	 ﾠdimer	 ﾠis	 ﾠ“open”,	 ﾠwhile	 ﾠ
ADP.Mg2+	 ﾠand	 ﾠAMPPNP.Mg2+	 ﾠinduce	 ﾠa	 ﾠ“closed”	 ﾠconformation.	 ﾠFurthermore,	 ﾠin	 ﾠthe	 ﾠ
transition	 ﾠstate	 ﾠof	 ﾠATP	 ﾠhydrolysis	 ﾠ(mimicked	 ﾠby	 ﾠADP-ﾭ‐AlF4-ﾭ‐	 ﾠ.Mg2+),	 ﾠGet3	 ﾠassumes	 ﾠa	 ﾠ“fully-ﾭ‐closed”	 ﾠstate	 ﾠin	 ﾠwhich	 ﾠthe	 ﾠhydrophobic	 ﾠgroove	 ﾠof	 ﾠthe	 ﾠTABD	 ﾠis	 ﾠassembled.	 ﾠA	 ﾠ
recent	 ﾠfree	 ﾠenergy	 ﾠcalculation	 ﾠstudy	 ﾠof	 ﾠthe	 ﾠGet3	 ﾠopening	 ﾠand	 ﾠclosing	 ﾠpathway	 ﾠ
(Wereszczynski	 ﾠand	 ﾠMcCammon,	 ﾠ2012)	 ﾠcorroborates	 ﾠthese	 ﾠfindings	 ﾠand,	 ﾠin	 ﾠaddition,	 ﾠ
postulates	 ﾠthat	 ﾠGet3	 ﾠcan	 ﾠadopt	 ﾠa	 ﾠ“wide	 ﾠopen”	 ﾠapo	 ﾠstate,	 ﾠas	 ﾠwell	 ﾠas	 ﾠa	 ﾠ“semi-ﾭ‐open,”	 ﾠ
asymmetric	 ﾠnucleotide	 ﾠconformation	 ﾠwith	 ﾠone	 ﾠADP	 ﾠand	 ﾠone	 ﾠATP.	 ﾠThis	 ﾠlatter	 ﾠ
conformation	 ﾠmight	 ﾠbe	 ﾠreminiscent	 ﾠof	 ﾠthe	 ﾠone	 ﾠobserved	 ﾠin	 ﾠa	 ﾠcrystal	 ﾠstructure	 ﾠof	 ﾠ
Get3	 ﾠcomplexed	 ﾠwith	 ﾠa	 ﾠpiece	 ﾠof	 ﾠits	 ﾠER	 ﾠreceptor	 ﾠ(see	 ﾠbelow).	 ﾠIn	 ﾠsum,	 ﾠthese	 ﾠ
experimental	 ﾠand	 ﾠcomputational	 ﾠstudies	 ﾠhave	 ﾠrevealed	 ﾠa	 ﾠplausible	 ﾠmechanistic	 ﾠ
framework	 ﾠfor	 ﾠhow	 ﾠthe	 ﾠGet3	 ﾠnucleotide-ﾭ‐linked	 ﾠconformational	 ﾠchanges	 ﾠcoordinate	 ﾠ
the	 ﾠpre-ﾭ‐targeting	 ﾠand	 ﾠmembrane-ﾭ‐associated	 ﾠsteps	 ﾠof	 ﾠthe	 ﾠGET	 ﾠpathway.	 ﾠ
	 ﾠ
Membrane	 ﾠrecruitment	 ﾠof	 ﾠGet3-ﾭ‐TA	 ﾠprotein	 ﾠcomplexes	 ﾠ
Following	 ﾠthe	 ﾠpre-ﾭ‐targeting	 ﾠevents	 ﾠin	 ﾠthe	 ﾠGET	 ﾠpathway,	 ﾠGet3-ﾭ‐TA	 ﾠprotein	 ﾠcomplexes	 ﾠ
are	 ﾠrecruited	 ﾠto	 ﾠthe	 ﾠER	 ﾠmembrane	 ﾠby	 ﾠGet1	 ﾠand	 ﾠGet2	 ﾠ(Figure	 ﾠ1,	 ﾠsteps	 ﾠ2	 ﾠand	 ﾠ3)	 ﾠ
(Schuldiner	 ﾠet	 ﾠal.,	 ﾠ2008).	 ﾠThese	 ﾠtwo	 ﾠmembrane	 ﾠproteins	 ﾠeach	 ﾠhave	 ﾠthree	 ﾠ
transmembrane	 ﾠdomains	 ﾠthat	 ﾠmediate	 ﾠformation	 ﾠof	 ﾠa	 ﾠstable	 ﾠtransmembrane	 ﾠ
complex	 ﾠ(Mariappan	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ	 ﾠThe	 ﾠintimate	 ﾠnature	 ﾠof	 ﾠthis	 ﾠassociation	 ﾠis	 ﾠwell	 ﾠ
illustrated	 ﾠby	 ﾠthe	 ﾠobservation	 ﾠthat	 ﾠdeletion	 ﾠof	 ﾠeither	 ﾠGet1	 ﾠor	 ﾠGet2	 ﾠleads	 ﾠto	 ﾠa	 ﾠ
significant	 ﾠreduction	 ﾠin	 ﾠthe	 ﾠconcentration	 ﾠof	 ﾠthe	 ﾠpartner	 ﾠprotein	 ﾠ(Mariappan	 ﾠet	 ﾠal.,	 ﾠ
2011;	 ﾠSchuldiner	 ﾠet	 ﾠal.,	 ﾠ2008;	 ﾠWang	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠTwo	 ﾠrecent	 ﾠstructural	 ﾠstudies	 ﾠ
argue	 ﾠthat	 ﾠthe	 ﾠN-ﾭ‐terminal	 ﾠcytoplasmic	 ﾠdomain	 ﾠof	 ﾠGet2	 ﾠmediates	 ﾠthe	 ﾠinitial	 ﾠcontact	 ﾠ
between	 ﾠthe	 ﾠGet3-ﾭ‐TA	 ﾠprotein	 ﾠcomplex	 ﾠand	 ﾠGet1/2	 ﾠ(Mariappan	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠStefer	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠSpecifically,	 ﾠeven	 ﾠthough	 ﾠthe	 ﾠisolated	 ﾠcytoplasmic	 ﾠdomain	 ﾠof	 ﾠGet2	 ﾠ(~140	 ﾠ
amino	 ﾠacids)	 ﾠis	 ﾠfor	 ﾠthe	 ﾠmost	 ﾠpart	 ﾠunstructured,	 ﾠit	 ﾠcan	 ﾠform	 ﾠa	 ﾠ2:2	 ﾠcomplex	 ﾠwith	 ﾠGet3.	 ﾠ
Crystal	 ﾠstructures	 ﾠof	 ﾠthis	 ﾠcomplex	 ﾠhave	 ﾠrevealed	 ﾠa	 ﾠpair	 ﾠof	 ﾠshort	 ﾠGet2	 ﾠhelices	 ﾠ(α1	 ﾠand	 ﾠ
α2)	 ﾠthat	 ﾠinteract	 ﾠwith	 ﾠGet3.	 ﾠImportantly,	 ﾠthe	 ﾠGet3	 ﾠdimer	 ﾠcan	 ﾠinteract	 ﾠwith	 ﾠGet2	 ﾠin	 ﾠa	 ﾠ
closed,	 ﾠnucleotide-ﾭ‐bound	 ﾠstate	 ﾠthat	 ﾠis	 ﾠcompatible	 ﾠwith	 ﾠTA	 ﾠprotein	 ﾠbinding.	 ﾠ	 ﾠThis	 ﾠis	 ﾠ
because	 ﾠthe	 ﾠGet2	 ﾠbinding	 ﾠsite	 ﾠon	 ﾠGet3	 ﾠis	 ﾠa	 ﾠmonomeric	 ﾠepitope	 ﾠlocated	 ﾠaway	 ﾠfrom	 ﾠthe	 ﾠ
homodimerization	 ﾠinterface.	 ﾠBinding	 ﾠis	 ﾠfor	 ﾠthe	 ﾠmost	 ﾠpart	 ﾠmediated	 ﾠby	 ﾠelectrostatic	 ﾠ
interactions	 ﾠbetween	 ﾠthe	 ﾠconserved	 ﾠRERR	 ﾠsequence	 ﾠon	 ﾠthe	 ﾠGet2	 ﾠα1	 ﾠhelix	 ﾠand	 ﾠthe	 ﾠ
negatively	 ﾠcharged	 ﾠsurface	 ﾠpatch	 ﾠon	 ﾠGet3’s	 ﾠNBD	 ﾠthat	 ﾠincludes	 ﾠthe	 ﾠconserved	 ﾠ
DELYED	 ﾠmotif.	 ﾠImportantly,	 ﾠpoint	 ﾠmutations	 ﾠin	 ﾠthe	 ﾠRERR	 ﾠsequence	 ﾠabolish	 ﾠ
Get3/Get2	 ﾠcomplex	 ﾠformation	 ﾠand	 ﾠTA	 ﾠprotein	 ﾠinsertion	 ﾠinto	 ﾠER-ﾭ‐derived	 ﾠmembranes	 ﾠ
(microsomes).	 ﾠ	 ﾠ
	 ﾠ
TA	 ﾠprotein	 ﾠrelease	 ﾠfrom	 ﾠGet3	 ﾠ
Like	 ﾠGet2,	 ﾠGet1	 ﾠhas	 ﾠa	 ﾠlarge	 ﾠcytoplasmic	 ﾠdomain	 ﾠ(~80	 ﾠamino	 ﾠacids)	 ﾠthat	 ﾠin	 ﾠisolation	 ﾠ
forms	 ﾠa	 ﾠstable	 ﾠ2:2	 ﾠcomplex	 ﾠwith	 ﾠGet3	 ﾠ(Mariappan	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠStefer	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠ
Structural	 ﾠstudies	 ﾠof	 ﾠthis	 ﾠcomplex	 ﾠsupport	 ﾠthe	 ﾠidea	 ﾠthat	 ﾠGet1	 ﾠinduces	 ﾠTA	 ﾠprotein	 ﾠ
release	 ﾠfrom	 ﾠGet3	 ﾠ(Figure	 ﾠ1,	 ﾠsteps	 ﾠ3	 ﾠand	 ﾠ4)	 ﾠ(Kubota	 ﾠet	 ﾠal.,	 ﾠ2012;	 ﾠMariappan	 ﾠet	 ﾠal.,	 ﾠ
2011;	 ﾠStefer	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠIn	 ﾠparticular,	 ﾠthe	 ﾠcytoplasmic	 ﾠdomain	 ﾠof	 ﾠGet1	 ﾠis	 ﾠa	 ﾠcoiled	 ﾠ
coil	 ﾠof	 ﾠtwo	 ﾠα-ﾭ‐helices	 ﾠ(α1b	 ﾠand	 ﾠα2)	 ﾠstabilized	 ﾠby	 ﾠhydrophobic	 ﾠcontacts	 ﾠsimilar	 ﾠto	 ﾠ
leucine	 ﾠzippers.	 ﾠIn	 ﾠstriking	 ﾠcontrast	 ﾠto	 ﾠthe	 ﾠGet3/Get2	 ﾠcomplex,	 ﾠGet3	 ﾠis	 ﾠbound	 ﾠto	 ﾠthe	 ﾠ
coiled	 ﾠcoils	 ﾠin	 ﾠan	 ﾠopen	 ﾠconformation	 ﾠthat	 ﾠlacks	 ﾠnucleotide	 ﾠ(or	 ﾠhas	 ﾠADP,	 ﾠsee	 ﾠFigure	 ﾠ2)	 ﾠand	 ﾠhas	 ﾠa	 ﾠdisrupted	 ﾠTABD.	 ﾠThis	 ﾠis	 ﾠbecause	 ﾠeach	 ﾠcoiled	 ﾠcoil	 ﾠbinds	 ﾠto	 ﾠboth	 ﾠGet3	 ﾠ
monomers	 ﾠvia	 ﾠa	 ﾠcomposite	 ﾠepitope	 ﾠthat	 ﾠis	 ﾠlargely	 ﾠoccluded	 ﾠin	 ﾠthe	 ﾠclosed	 ﾠGet3	 ﾠ
conformation.	 ﾠFew	 ﾠinteractions	 ﾠoccur	 ﾠbetween	 ﾠGet1	 ﾠα1b	 ﾠand	 ﾠthe	 ﾠTABD	 ﾠhelix	 ﾠα4	 ﾠon	 ﾠ
one	 ﾠGet3	 ﾠmonomer	 ﾠbut	 ﾠmore	 ﾠextensive	 ﾠcontact	 ﾠis	 ﾠestablished	 ﾠby	 ﾠinteractions	 ﾠ
between	 ﾠGet1 α2	 ﾠand	 ﾠNBD	 ﾠhelices	 ﾠα10	 ﾠand	 ﾠα11,	 ﾠwhich	 ﾠinclude	 ﾠthe	 ﾠGet3	 ﾠDELYED	 ﾠ
motif	 ﾠrecognized	 ﾠby	 ﾠGet2,	 ﾠon	 ﾠthe	 ﾠopposing	 ﾠmonomer.	 ﾠNotably,	 ﾠGet1	 ﾠmutations	 ﾠthat	 ﾠ
disrupt	 ﾠinteractions	 ﾠwith	 ﾠthe	 ﾠDELYED	 ﾠmotif	 ﾠabolish	 ﾠGet3/Get1	 ﾠcomplex	 ﾠformation	 ﾠ
and	 ﾠTA	 ﾠprotein	 ﾠinsertion	 ﾠinto	 ﾠmicrosomes.	 ﾠThe	 ﾠoverlap	 ﾠbetween	 ﾠthe	 ﾠprimary	 ﾠ
Get3/Get1	 ﾠinterface	 ﾠand	 ﾠthe	 ﾠGet2	 ﾠbinding	 ﾠsite	 ﾠimplied	 ﾠthat	 ﾠGet1	 ﾠand	 ﾠGet2	 ﾠcompete	 ﾠ
for	 ﾠbinding	 ﾠto	 ﾠGet3.	 ﾠThis	 ﾠhypothesis	 ﾠwas	 ﾠconfirmed	 ﾠby	 ﾠan	 ﾠNMR	 ﾠanalysis	 ﾠshowing	 ﾠ
that	 ﾠGet1	 ﾠcan	 ﾠdisplace	 ﾠthe	 ﾠGet2	 ﾠα2	 ﾠhelix	 ﾠfrom	 ﾠits	 ﾠbinding	 ﾠsite	 ﾠon	 ﾠGet3	 ﾠwhile	 ﾠstill	 ﾠ
allowing	 ﾠthe	 ﾠGet2	 ﾠα1	 ﾠhelix	 ﾠto	 ﾠremain	 ﾠbound	 ﾠin	 ﾠthe	 ﾠternary	 ﾠcomplex	 ﾠ(Stefer	 ﾠet	 ﾠal.,	 ﾠ
2011).	 ﾠAttempts	 ﾠto	 ﾠcrystallize	 ﾠthis	 ﾠternary	 ﾠcomplex	 ﾠrevealed	 ﾠinstead	 ﾠthe	 ﾠstructure	 ﾠof	 ﾠ
a	 ﾠnew	 ﾠGet3/Get1	 ﾠcomplex	 ﾠwith	 ﾠa	 ﾠnovel	 ﾠGet3	 ﾠconformation:	 ﾠa	 ﾠsemi-ﾭ‐open	 ﾠstate	 ﾠwith	 ﾠ
respect	 ﾠto	 ﾠthe	 ﾠclosed	 ﾠAMPPNP-ﾭ‐Mg2+and	 ﾠADP-ﾭ‐Mg2+	 ﾠbound	 ﾠstructures	 ﾠand	 ﾠthe	 ﾠopen	 ﾠ
apo	 ﾠform	 ﾠ(Stefer	 ﾠet	 ﾠal.,	 ﾠ2011)	 ﾠ(Figure	 ﾠ2).	 ﾠInterestingly,	 ﾠthe	 ﾠsemi-ﾭ‐open	 ﾠand	 ﾠopen	 ﾠGet3	 ﾠ
makes	 ﾠsimilar	 ﾠcontacts	 ﾠwith	 ﾠthe	 ﾠGet2	 ﾠα2	 ﾠhelix.	 ﾠTaken	 ﾠtogether	 ﾠwith	 ﾠa	 ﾠrelated	 ﾠsemi-ﾭ‐
open	 ﾠGet3/Get1	 ﾠstructure	 ﾠ(Kubota	 ﾠet	 ﾠal.,	 ﾠ2012),	 ﾠthese	 ﾠstudies	 ﾠsuggest	 ﾠthat	 ﾠthe	 ﾠGet1	 ﾠ
α2	 ﾠhelix	 ﾠinitiates	 ﾠTA	 ﾠprotein	 ﾠrelease	 ﾠfrom	 ﾠGet3	 ﾠtethered	 ﾠto	 ﾠGet2.	 ﾠ
The	 ﾠstructural	 ﾠmodel	 ﾠfor	 ﾠthe	 ﾠmembrane-ﾭ‐associated	 ﾠsteps	 ﾠof	 ﾠthe	 ﾠGET	 ﾠpathway	 ﾠis	 ﾠ
supported	 ﾠby	 ﾠbiochemical	 ﾠreconstitution	 ﾠstudies	 ﾠ(Mariappan	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠWang	 ﾠet	 ﾠ
al.,	 ﾠ2011).	 ﾠIn	 ﾠparticular,	 ﾠTA	 ﾠproteins	 ﾠremain	 ﾠbound	 ﾠto	 ﾠGet3	 ﾠupon	 ﾠGet2	 ﾠbinding,	 ﾠbut	 ﾠGet1	 ﾠbinding	 ﾠtriggers	 ﾠsubstrate	 ﾠrelease	 ﾠfrom	 ﾠGet3.	 ﾠImportantly,	 ﾠeven	 ﾠthough	 ﾠhigh	 ﾠ
concentrations	 ﾠof	 ﾠthe	 ﾠGet1	 ﾠcoiled	 ﾠcoil	 ﾠcan	 ﾠdrive	 ﾠsubstrate	 ﾠrelease,	 ﾠunder	 ﾠ
physiological	 ﾠconditions,	 ﾠthe	 ﾠGet2	 ﾠcytoplasmic	 ﾠdomain	 ﾠis	 ﾠessential	 ﾠto	 ﾠincrease	 ﾠthe	 ﾠ
local	 ﾠconcentration	 ﾠof	 ﾠGet3-ﾭ‐TA	 ﾠprotein	 ﾠcomplexes	 ﾠnear	 ﾠGet1.	 ﾠMoreover,	 ﾠquantitative	 ﾠ
measurements	 ﾠof	 ﾠGet3	 ﾠbinding	 ﾠto	 ﾠGet1	 ﾠhave	 ﾠshown	 ﾠthat	 ﾠin	 ﾠthe	 ﾠATP-ﾭ‐bound	 ﾠstate	 ﾠGet3	 ﾠ
does	 ﾠnot	 ﾠinteract	 ﾠwith	 ﾠGet1	 ﾠwhile	 ﾠthe	 ﾠapo	 ﾠform	 ﾠbinds	 ﾠGet1	 ﾠwith	 ﾠhigh	 ﾠaffinity	 ﾠ(Kubota	 ﾠ
et	 ﾠal.,	 ﾠ2012;	 ﾠMariappan	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠStefer	 ﾠet	 ﾠal.,	 ﾠ2011).	 ﾠIndeed,	 ﾠin	 ﾠthe	 ﾠcrystal	 ﾠ
structures	 ﾠof	 ﾠthe	 ﾠGet3-ﾭ‐Get1	 ﾠcomplex,	 ﾠthe	 ﾠtip	 ﾠhelix	 ﾠof	 ﾠthe	 ﾠGet1	 ﾠcoiled-ﾭ‐coil	 ﾠprotrudes	 ﾠ
into	 ﾠthe	 ﾠnucleotide-ﾭ‐binding	 ﾠsite	 ﾠof	 ﾠGet3	 ﾠsuggesting	 ﾠthat	 ﾠGet1	 ﾠis	 ﾠa	 ﾠnucleotide	 ﾠ
exchange	 ﾠfactor	 ﾠfor	 ﾠGet3.	 ﾠRegardless	 ﾠof	 ﾠthe	 ﾠdetails,	 ﾠATP	 ﾠbinding	 ﾠdrives	 ﾠdissociation	 ﾠ
of	 ﾠGet3	 ﾠfrom	 ﾠthe	 ﾠmembrane	 ﾠ(Figure	 ﾠ1,	 ﾠstep	 ﾠ5)	 ﾠand	 ﾠprepares	 ﾠit	 ﾠfor	 ﾠanother	 ﾠround	 ﾠof	 ﾠ
substrate	 ﾠloading	 ﾠby	 ﾠthe	 ﾠpre-ﾭ‐targeting	 ﾠcomplex.	 ﾠ
	 ﾠ
The	 ﾠinsertion	 ﾠstep	 ﾠof	 ﾠthe	 ﾠGET	 ﾠpathway:	 ﾠa	 ﾠspeculative	 ﾠanalogy	 ﾠto	 ﾠABC	 ﾠ
transporters	 ﾠ	 ﾠ
The	 ﾠmembrane	 ﾠinsertion	 ﾠstep	 ﾠremains	 ﾠthe	 ﾠleast	 ﾠwell-ﾭ‐understood	 ﾠstep	 ﾠin	 ﾠthe	 ﾠGET	 ﾠ
pathway.	 ﾠProteoliposomes	 ﾠwith	 ﾠpurified	 ﾠGet1/2	 ﾠafford	 ﾠthe	 ﾠminimal	 ﾠmembrane	 ﾠ
machinery	 ﾠnecessary	 ﾠfor	 ﾠTA	 ﾠprotein	 ﾠinsertion	 ﾠ(Mariappan	 ﾠet	 ﾠal.,	 ﾠ2011;	 ﾠWang	 ﾠet	 ﾠal.,	 ﾠ
2011)	 ﾠbut	 ﾠwhether	 ﾠthe	 ﾠtransmembrane	 ﾠdomains	 ﾠof	 ﾠGet1	 ﾠand	 ﾠGet2	 ﾠplay	 ﾠan	 ﾠactive	 ﾠrole	 ﾠ
during	 ﾠthis	 ﾠstep	 ﾠis	 ﾠnot	 ﾠknown.	 ﾠA	 ﾠvariety	 ﾠof	 ﾠmechanisms	 ﾠfor	 ﾠGet1/2-ﾭ‐mediated	 ﾠtail	 ﾠ
anchor	 ﾠinsertion	 ﾠhave	 ﾠbeen	 ﾠhypothesized	 ﾠ(Chartron	 ﾠet	 ﾠal.,	 ﾠ2012a;	 ﾠDenic,	 ﾠ2012;	 ﾠ
Hegde	 ﾠand	 ﾠKeenan,	 ﾠ2011)	 ﾠand	 ﾠwe	 ﾠadd	 ﾠto	 ﾠthis	 ﾠa	 ﾠspeculative	 ﾠanalogy	 ﾠto	 ﾠthe	 ﾠsubstrate	 ﾠtransport	 ﾠmechanism	 ﾠof	 ﾠATP-ﾭ‐binding	 ﾠcassette	 ﾠ(ABC)	 ﾠtransporters	 ﾠ(Figure	 ﾠ3).	 ﾠABC	 ﾠ
transporters	 ﾠcouple	 ﾠthe	 ﾠenergy	 ﾠof	 ﾠATP	 ﾠhydrolysis	 ﾠto	 ﾠthe	 ﾠtransport	 ﾠof	 ﾠdiverse	 ﾠ
substrates	 ﾠacross	 ﾠthe	 ﾠmembrane.	 ﾠ	 ﾠIn	 ﾠgeneral,	 ﾠthey	 ﾠconsist	 ﾠof	 ﾠtwo	 ﾠsets	 ﾠof	 ﾠ
transmembrane	 ﾠdomains	 ﾠ(TMDs)	 ﾠand	 ﾠtwo	 ﾠnucleotide-ﾭ‐binding	 ﾠdomains	 ﾠ(NBDs)	 ﾠthat	 ﾠ
bind	 ﾠand	 ﾠhydrolyze	 ﾠATP.	 ﾠMost	 ﾠABC	 ﾠtransporter	 ﾠNBDs	 ﾠare	 ﾠmonomers	 ﾠin	 ﾠthe	 ﾠabsence	 ﾠ
of	 ﾠtheir	 ﾠTMDs	 ﾠbut	 ﾠbecome	 ﾠdimerized	 ﾠin	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠnon-ﾭ‐hydrolyzable	 ﾠATP	 ﾠ
analogs.	 ﾠAt	 ﾠfirst	 ﾠglance,	 ﾠthe	 ﾠmechanistic	 ﾠrequirements	 ﾠof	 ﾠABC	 ﾠtransporters	 ﾠand	 ﾠ
Get1/2/3	 ﾠmembrane	 ﾠmachinery	 ﾠmight	 ﾠseem	 ﾠdisparate.	 ﾠHowever,	 ﾠcloser	 ﾠinspection	 ﾠ
reveals	 ﾠa	 ﾠstriking	 ﾠcommonality:	 ﾠATP	 ﾠbinding	 ﾠdrives	 ﾠrotation	 ﾠof	 ﾠboth	 ﾠtypes	 ﾠof	 ﾠNBDs	 ﾠ
towards	 ﾠeach	 ﾠother	 ﾠto	 ﾠcreate	 ﾠan	 ﾠextensive	 ﾠdimer	 ﾠinterface.	 ﾠIn	 ﾠABC	 ﾠtransporters,	 ﾠ
changes	 ﾠin	 ﾠthe	 ﾠNBD	 ﾠconformation	 ﾠinduced	 ﾠby	 ﾠbinding	 ﾠand	 ﾠhydrolysis	 ﾠof	 ﾠATP	 ﾠare	 ﾠ
transmitted	 ﾠto	 ﾠthe	 ﾠneighboring	 ﾠTMDs	 ﾠvia	 ﾠcoupling	 ﾠhelices.	 ﾠThe	 ﾠresulting	 ﾠflipping	 ﾠof	 ﾠ
TMDs	 ﾠfrom	 ﾠan	 ﾠinward	 ﾠto	 ﾠan	 ﾠoutward	 ﾠfacing	 ﾠconformation	 ﾠdrives	 ﾠsubstrate	 ﾠ
movement	 ﾠacross	 ﾠthe	 ﾠmembrane.	 ﾠFor	 ﾠTA	 ﾠprotein	 ﾠinsertion	 ﾠone	 ﾠcould	 ﾠenvisage	 ﾠa	 ﾠ
similar	 ﾠscenario	 ﾠwhereby	 ﾠGet1	 ﾠcoiled-ﾭ‐coils	 ﾠact	 ﾠas	 ﾠcoupling	 ﾠhelices	 ﾠthat	 ﾠtranslate	 ﾠ
movements	 ﾠassociated	 ﾠwith	 ﾠGet3	 ﾠdimer	 ﾠopening	 ﾠinto	 ﾠconformational	 ﾠchanges	 ﾠin	 ﾠthe	 ﾠ
flanking	 ﾠtransmembrane	 ﾠdomains	 ﾠ(Figure	 ﾠ4).	 ﾠFuture	 ﾠstructural	 ﾠand	 ﾠfunctional	 ﾠ
analysis	 ﾠof	 ﾠthe	 ﾠGet1/2	 ﾠtransmembrane	 ﾠcomplex	 ﾠshould	 ﾠestablish	 ﾠif	 ﾠits	 ﾠ
transmembrane	 ﾠdomains	 ﾠcarry	 ﾠout	 ﾠthe	 ﾠinsertion	 ﾠstep	 ﾠof	 ﾠthe	 ﾠGET	 ﾠpathway.	 ﾠ	 ﾠ
	 ﾠ
A	 ﾠworking	 ﾠmodel	 ﾠfor	 ﾠthe	 ﾠGET	 ﾠpathway	 ﾠ	 ﾠIn	 ﾠsummary,	 ﾠin	 ﾠa	 ﾠrelatively	 ﾠshort	 ﾠperiod	 ﾠof	 ﾠtime,	 ﾠa	 ﾠdetailed	 ﾠmechanistic	 ﾠframework	 ﾠ
for	 ﾠthe	 ﾠGET	 ﾠpathway	 ﾠhas	 ﾠemerged	 ﾠ(Figure	 ﾠ1).	 ﾠATP.Mg2+-ﾭ‐bound	 ﾠGet3	 ﾠreceives	 ﾠa	 ﾠnewly	 ﾠ
synthesized	 ﾠTA	 ﾠprotein	 ﾠfrom	 ﾠthe	 ﾠGet4/Get5/Sgt2	 ﾠpre-ﾭ‐targeting	 ﾠcomplex.	 ﾠATP	 ﾠ
hydrolysis,	 ﾠwhich	 ﾠprobably	 ﾠoccurs	 ﾠupon	 ﾠsubstrate	 ﾠbinding	 ﾠto	 ﾠGet3,	 ﾠensures	 ﾠthe	 ﾠ
formation	 ﾠof	 ﾠa	 ﾠstable,	 ﾠclosed	 ﾠGet3-ﾭ‐TA	 ﾠprotein	 ﾠcomplex	 ﾠcontaining	 ﾠthe	 ﾠhydrolyzed	 ﾠ
nucleotide	 ﾠ(step	 ﾠ1).	 ﾠThis	 ﾠcomplex	 ﾠis	 ﾠrecruited	 ﾠto	 ﾠthe	 ﾠER	 ﾠmembrane	 ﾠby	 ﾠthe	 ﾠ
interaction	 ﾠwith	 ﾠGet2,	 ﾠwhich	 ﾠtethers	 ﾠit	 ﾠinto	 ﾠproximity	 ﾠwith	 ﾠGet1	 ﾠ(step	 ﾠ2).	 ﾠBinding	 ﾠof	 ﾠ
Get1	 ﾠto	 ﾠGet3	 ﾠdisplaces	 ﾠGet2	 ﾠand	 ﾠinduces	 ﾠGet3	 ﾠdimer	 ﾠopening	 ﾠto	 ﾠrelease	 ﾠthe	 ﾠTA	 ﾠ
protein	 ﾠsubstrate	 ﾠand	 ﾠhydrolyzed	 ﾠnucleotide	 ﾠ(steps	 ﾠ3	 ﾠand	 ﾠ4).	 ﾠThese	 ﾠchanges	 ﾠin	 ﾠthe	 ﾠ
Get3	 ﾠdimer	 ﾠconformation	 ﾠmight	 ﾠbe	 ﾠdirectly	 ﾠcoupled	 ﾠto	 ﾠthe	 ﾠGet1/2	 ﾠtransmembrane	 ﾠ
domains	 ﾠto	 ﾠfacilitate	 ﾠthe	 ﾠmembrane	 ﾠinsertion	 ﾠstep.	 ﾠLastly,	 ﾠbinding	 ﾠof	 ﾠATP	 ﾠto	 ﾠGet3	 ﾠ
weakens	 ﾠthe	 ﾠGet3-ﾭ‐Get1	 ﾠinteraction	 ﾠto	 ﾠrecycle	 ﾠGet3	 ﾠfor	 ﾠa	 ﾠnew	 ﾠround	 ﾠof	 ﾠpre-ﾭ‐targeting	 ﾠ
(step	 ﾠ5).	 ﾠ	 ﾠ
	 ﾠ
Arguably,	 ﾠthe	 ﾠmost	 ﾠchallenging	 ﾠproblem	 ﾠthat	 ﾠremains	 ﾠin	 ﾠthe	 ﾠfield	 ﾠis	 ﾠto	 ﾠdefine	 ﾠthe	 ﾠ
structural	 ﾠand	 ﾠbiochemical	 ﾠbasis	 ﾠof	 ﾠthe	 ﾠinsertion	 ﾠstep.	 ﾠFor	 ﾠexample,	 ﾠdoes	 ﾠthe	 ﾠrelease	 ﾠ
of	 ﾠsubstrate	 ﾠand	 ﾠhydrolyzed	 ﾠnucleotide	 ﾠfrom	 ﾠGet3	 ﾠgenerate	 ﾠa	 ﾠ“power	 ﾠstroke”	 ﾠthat	 ﾠ
enables	 ﾠGet1/2	 ﾠtransmembrane	 ﾠdomains	 ﾠto	 ﾠcatalyze	 ﾠthe	 ﾠinsertion	 ﾠstep.	 ﾠ
Furthermore,	 ﾠdetailed	 ﾠbiophysical	 ﾠand	 ﾠmodeling	 ﾠstudies	 ﾠwill	 ﾠalso	 ﾠbe	 ﾠneeded	 ﾠto	 ﾠturn	 ﾠ
the	 ﾠstructural	 ﾠsnapshots	 ﾠof	 ﾠthe	 ﾠGet3	 ﾠATPase	 ﾠcycle	 ﾠinto	 ﾠa	 ﾠmovie	 ﾠof	 ﾠTA	 ﾠprotein	 ﾠ
insertion.	 ﾠTogether	 ﾠwith	 ﾠcharacterization	 ﾠof	 ﾠconserved	 ﾠpathway	 ﾠcomponents	 ﾠin	 ﾠ
higher	 ﾠeukaryotes	 ﾠand	 ﾠarchaea,	 ﾠstudies	 ﾠof	 ﾠthe	 ﾠyeast	 ﾠGET	 ﾠpathway	 ﾠare	 ﾠwell	 ﾠon	 ﾠtheir	 ﾠway	 ﾠto	 ﾠadding	 ﾠanother	 ﾠtextbook	 ﾠexample	 ﾠof	 ﾠhow	 ﾠcells	 ﾠchaperone	 ﾠmembrane	 ﾠ
proteins	 ﾠinto	 ﾠlipid	 ﾠbilayers.	 ﾠ
	 ﾠ
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Figure	 ﾠ1.	 ﾠ	 ﾠScheme	 ﾠof	 ﾠthe	 ﾠsteps	 ﾠin	 ﾠthe	 ﾠyeast	 ﾠGET	 ﾠpathway	 ﾠ	 ﾠ
The	 ﾠcytosolic	 ﾠpre-ﾭ‐targeting	 ﾠcomplex	 ﾠ(Get4/Get5/Sgt2)	 ﾠcaptures	 ﾠa	 ﾠnewly	 ﾠsynthesized	 ﾠ
tail-ﾭ‐anchored	 ﾠ(TA)	 ﾠprotein	 ﾠreleased	 ﾠfrom	 ﾠthe	 ﾠribosome	 ﾠ(with	 ﾠdifferentially	 ﾠshaded	 ﾠ
large	 ﾠand	 ﾠsmall	 ﾠsubunits)	 ﾠand	 ﾠtransfers	 ﾠit	 ﾠto	 ﾠGet3	 ﾠloaded	 ﾠwith	 ﾠATP	 ﾠ(1).	 ﾠThe	 ﾠGet3-ﾭ‐TA	 ﾠ
protein	 ﾠcomplex	 ﾠis	 ﾠsubsequently	 ﾠtethered	 ﾠto	 ﾠthe	 ﾠendoplasmic	 ﾠreticulum	 ﾠ(ER)	 ﾠ
membrane	 ﾠby	 ﾠthe	 ﾠcytosolic	 ﾠdomain	 ﾠof	 ﾠGet2	 ﾠ(2)	 ﾠand	 ﾠthen	 ﾠdocked	 ﾠto	 ﾠthe	 ﾠGet1	 ﾠcoiled-ﾭ‐
coil	 ﾠ(3).	 ﾠThis	 ﾠlatter	 ﾠinteraction	 ﾠdrives	 ﾠTA	 ﾠprotein	 ﾠrelease	 ﾠby	 ﾠforcing	 ﾠopen	 ﾠthe	 ﾠGet3	 ﾠ
dimer	 ﾠ(4).	 ﾠFinally,	 ﾠrebinding	 ﾠof	 ﾠATP	 ﾠdissociates	 ﾠGet3	 ﾠfrom	 ﾠthe	 ﾠmembrane	 ﾠand	 ﾠ
prepares	 ﾠit	 ﾠfor	 ﾠthe	 ﾠnext	 ﾠround	 ﾠof	 ﾠsubstrate	 ﾠpre-ﾭ‐targeting	 ﾠ(5).	 ﾠThe	 ﾠprecise	 ﾠtiming	 ﾠof	 ﾠ
ATP	 ﾠhydrolysis	 ﾠis	 ﾠnot	 ﾠknown	 ﾠbut	 ﾠwe	 ﾠhave	 ﾠseveral	 ﾠreasons	 ﾠto	 ﾠfavor	 ﾠa	 ﾠmodel	 ﾠin	 ﾠwhich	 ﾠ
it	 ﾠoccurs	 ﾠupon	 ﾠTA	 ﾠprotein	 ﾠbinding	 ﾠto	 ﾠGet3.	 ﾠFirst,	 ﾠthe	 ﾠcrystal	 ﾠstructures	 ﾠof	 ﾠGet3	 ﾠthat	 ﾠ
have	 ﾠan	 ﾠassembled	 ﾠsubstrate-ﾭ‐binding	 ﾠgroove	 ﾠalso	 ﾠhave	 ﾠan	 ﾠATP	 ﾠhydrolysis	 ﾠtransition-ﾭ‐
state	 ﾠanalog.	 ﾠSecond,	 ﾠGet3	 ﾠATPase	 ﾠactivity	 ﾠis	 ﾠessential	 ﾠfor	 ﾠthe	 ﾠTA	 ﾠprotein	 ﾠrelease	 ﾠ
step.	 ﾠThird,	 ﾠthe	 ﾠGet1	 ﾠcoiled	 ﾠcoil	 ﾠpreferentially	 ﾠbinds	 ﾠto	 ﾠthe	 ﾠapo	 ﾠform	 ﾠof	 ﾠGet3.	 ﾠAlso	 ﾠ
note	 ﾠthat	 ﾠfor	 ﾠsimplicity	 ﾠthe	 ﾠhigher-ﾭ‐order	 ﾠstoichiometry	 ﾠof	 ﾠthe	 ﾠpre-ﾭ‐targeting	 ﾠcomplex	 ﾠ
is	 ﾠnot	 ﾠshown,	 ﾠwhile	 ﾠthe	 ﾠstoichiometry	 ﾠof	 ﾠthe	 ﾠGet1/2	 ﾠtransmembrane	 ﾠcomplex	 ﾠis	 ﾠ
hypothetically	 ﾠdrawn	 ﾠas	 ﾠa	 ﾠ2:2	 ﾠtetramer.	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
Figure	 ﾠ2.	 ﾠGet3	 ﾠconformations	 ﾠduring	 ﾠits	 ﾠATPase	 ﾠcycle	 ﾠ	 ﾠ
Get3	 ﾠis	 ﾠa	 ﾠhomodimeric	 ﾠATPase	 ﾠ(monomers	 ﾠare	 ﾠin	 ﾠblue	 ﾠand	 ﾠgreen)	 ﾠthat	 ﾠcomprises	 ﾠan	 ﾠ
α-ﾭ‐helical	 ﾠTA	 ﾠprotein-ﾭ‐binding	 ﾠdomain	 ﾠ(TABD)	 ﾠand	 ﾠa	 ﾠnucleotide-ﾭ‐binding	 ﾠdomain	 ﾠ(NBD).	 ﾠThe	 ﾠupper	 ﾠpanels	 ﾠshow	 ﾠcartoon	 ﾠrepresentations	 ﾠof	 ﾠthe	 ﾠGet3	 ﾠdimer,	 ﾠwhile	 ﾠthe	 ﾠ
middle	 ﾠand	 ﾠlower	 ﾠpanels	 ﾠshow	 ﾠthe	 ﾠcorresponding	 ﾠcrystal	 ﾠstructures	 ﾠfrom	 ﾠthe	 ﾠside	 ﾠor	 ﾠ
top,	 ﾠrespectively	 ﾠ(see	 ﾠTable	 ﾠ2	 ﾠfor	 ﾠthe	 ﾠPDB	 ﾠentry	 ﾠcodes).	 ﾠThese	 ﾠstructures	 ﾠare	 ﾠ
presented	 ﾠas	 ﾠa	 ﾠsequence	 ﾠof	 ﾠconformational	 ﾠchanges	 ﾠthat	 ﾠmight	 ﾠaccompany	 ﾠthe	 ﾠGet3	 ﾠ
ATPase	 ﾠcycle.	 ﾠGet3	 ﾠbound	 ﾠto	 ﾠATP	 ﾠmost	 ﾠlikely	 ﾠresembles	 ﾠthe	 ﾠclosed	 ﾠdimer	 ﾠ
conformation	 ﾠstabilized	 ﾠby	 ﾠAMPPNP-ﾭ‐Mg2+	 ﾠ(a	 ﾠnon-ﾭ‐hydrolyzable	 ﾠATP	 ﾠanalog).	 ﾠIn	 ﾠthe	 ﾠ
process	 ﾠof	 ﾠATP	 ﾠhydrolysis,	 ﾠa	 ﾠstate	 ﾠstabilized	 ﾠby	 ﾠthe	 ﾠATP	 ﾠtransition	 ﾠstate	 ﾠanalog	 ﾠ
ADP.AlF4-ﾭ‐	 ﾠ	 ﾠ-ﾭ‐Mg2+,	 ﾠGet3	 ﾠassumes	 ﾠa	 ﾠfull-ﾭ‐closed	 ﾠconformation	 ﾠthat	 ﾠleads	 ﾠto	 ﾠthe	 ﾠassembly	 ﾠ
of	 ﾠa	 ﾠcomposite,	 ﾠhydrophobic	 ﾠgroove	 ﾠin	 ﾠthe	 ﾠTABD.	 ﾠFollowing	 ﾠrelease	 ﾠof	 ﾠinorganic	 ﾠ
phosphate	 ﾠ(Pi),	 ﾠGet3	 ﾠreverts	 ﾠto	 ﾠa	 ﾠmore	 ﾠrelaxed	 ﾠclosed	 ﾠstate	 ﾠsimilar	 ﾠto	 ﾠthe	 ﾠone	 ﾠ
preceding	 ﾠhydrolysis.	 ﾠLastly,	 ﾠin	 ﾠthe	 ﾠabsence	 ﾠof	 ﾠMg2+,	 ﾠGet3-ﾭ‐ADP	 ﾠassumes	 ﾠan	 ﾠopen	 ﾠ
conformation,	 ﾠwhich	 ﾠalso	 ﾠresembles	 ﾠthe	 ﾠnucleotide-ﾭ‐free	 ﾠ(apo)	 ﾠstate.	 ﾠAll	 ﾠGet3	 ﾠ
structures	 ﾠhave	 ﾠbeen	 ﾠsuperimposed	 ﾠby	 ﾠthe	 ﾠblue	 ﾠmonomer	 ﾠto	 ﾠillustrate	 ﾠthat	 ﾠ
nucleotide-ﾭ‐driven	 ﾠdimer	 ﾠopening	 ﾠand	 ﾠclosing	 ﾠis	 ﾠnot	 ﾠsimply	 ﾠa	 ﾠscissor-ﾭ‐like	 ﾠmotion,	 ﾠbut	 ﾠ
involves	 ﾠsubstantial	 ﾠrotation	 ﾠof	 ﾠthe	 ﾠmonomers.	 ﾠ	 ﾠ
	 ﾠ
Figure	 ﾠ3.	 ﾠABC	 ﾠtransporters	 ﾠand	 ﾠGet1/3	 ﾠinteractions:	 ﾠa	 ﾠstructural	 ﾠcomparison	 ﾠ	 ﾠ
The	 ﾠupper	 ﾠleft	 ﾠpanel	 ﾠis	 ﾠa	 ﾠcartoon	 ﾠof	 ﾠa	 ﾠhypothetical	 ﾠ2:2	 ﾠGet1/2	 ﾠtetrameric	 ﾠ
transmembrane	 ﾠcomplex	 ﾠ(Get1	 ﾠsubunits	 ﾠare	 ﾠin	 ﾠyellow	 ﾠand	 ﾠred;	 ﾠGet2	 ﾠcytoplasmic	 ﾠ
domains	 ﾠare	 ﾠeliminated	 ﾠfor	 ﾠsimplicity)	 ﾠbound	 ﾠto	 ﾠa	 ﾠGet3	 ﾠdimer	 ﾠ(monomers	 ﾠare	 ﾠin	 ﾠ
blue	 ﾠand	 ﾠgreen;	 ﾠnucleotide	 ﾠand	 ﾠtail-ﾭ‐anchor	 ﾠbinding	 ﾠdomains,	 ﾠNBD	 ﾠand	 ﾠTABD,	 ﾠ
respectively,	 ﾠare	 ﾠindicated)	 ﾠvia	 ﾠthe	 ﾠcytosolic	 ﾠcoiled	 ﾠcoil	 ﾠdomains	 ﾠof	 ﾠGet1.	 ﾠBoth	 ﾠGet1	 ﾠ
and	 ﾠGet2	 ﾠare	 ﾠpredicted	 ﾠto	 ﾠhave	 ﾠthree	 ﾠtransmembrane	 ﾠdomains	 ﾠ(TMDs)	 ﾠeach.	 ﾠThe	 ﾠ
upper	 ﾠright	 ﾠpanel	 ﾠis	 ﾠa	 ﾠcartoon	 ﾠof	 ﾠa	 ﾠgeneric	 ﾠABC	 ﾠtransporter	 ﾠwith	 ﾠTMDs	 ﾠ(ranging	 ﾠin	 ﾠ
number	 ﾠfrom	 ﾠ10-ﾭ‐20)	 ﾠcoupled	 ﾠto	 ﾠnucleotide-ﾭ‐binding	 ﾠdomains	 ﾠ(ABC)	 ﾠby	 ﾠspecial	 ﾠalpha	 ﾠ
helices	 ﾠ(cylinders).	 ﾠThe	 ﾠlower	 ﾠpanels	 ﾠare	 ﾠcrystal	 ﾠstructures	 ﾠof	 ﾠGet1	 ﾠcoiled-ﾭ‐coils	 ﾠ
complexed	 ﾠwith	 ﾠGet3	 ﾠand	 ﾠthe	 ﾠmultidrug	 ﾠABC	 ﾠtransporter	 ﾠSav1866	 ﾠ(Dawson	 ﾠand	 ﾠ
Locher,	 ﾠ2007)	 ﾠ(the	 ﾠdashed	 ﾠline	 ﾠindicates	 ﾠthe	 ﾠcytosolic	 ﾠborder	 ﾠof	 ﾠthe	 ﾠmembrane)	 ﾠwith	 ﾠ
structural	 ﾠelements	 ﾠcolor-ﾭ‐coded	 ﾠto	 ﾠsuggest	 ﾠsimilarities	 ﾠbetween	 ﾠthe	 ﾠtwo	 ﾠstructures.	 ﾠ	 ﾠ
Note	 ﾠthat	 ﾠSav1866	 ﾠis	 ﾠa	 ﾠdimer	 ﾠwith	 ﾠdomain	 ﾠswapped	 ﾠinteractions	 ﾠbetween	 ﾠthe	 ﾠ
coupling	 ﾠhelices	 ﾠand	 ﾠnucleotide-ﾭ‐binding	 ﾠdomains.	 ﾠFurthermore,	 ﾠthe	 ﾠABC	 ﾠdomains	 ﾠ
are	 ﾠin	 ﾠa	 ﾠclosed	 ﾠconformation,	 ﾠwhereas	 ﾠthe	 ﾠGet3	 ﾠdimer	 ﾠis	 ﾠopen	 ﾠ(see	 ﾠFigure	 ﾠ4	 ﾠfor	 ﾠ
further	 ﾠdetails).	 ﾠ
	 ﾠ
Figure	 ﾠ4.	 ﾠHypothetical	 ﾠstructural	 ﾠmodel	 ﾠfor	 ﾠthe	 ﾠinsertion	 ﾠstep	 ﾠof	 ﾠthe	 ﾠGET	 ﾠ
pathway	 ﾠ	 ﾠ
Get1	 ﾠcoiled	 ﾠcoils	 ﾠmight	 ﾠenable	 ﾠcoupling	 ﾠbetween	 ﾠthe	 ﾠopening	 ﾠof	 ﾠthe	 ﾠGet3	 ﾠdimer	 ﾠand	 ﾠ
movement	 ﾠof	 ﾠthe	 ﾠtransmembrane	 ﾠdomains	 ﾠ(TMDs).	 ﾠThe	 ﾠpre-ﾭ‐docking	 ﾠcomplex	 ﾠ(left)	 ﾠ
is	 ﾠa	 ﾠhypothetical	 ﾠmodel	 ﾠof	 ﾠthe	 ﾠGet3-ﾭ‐Get1	 ﾠinteraction	 ﾠbased	 ﾠon	 ﾠthe	 ﾠfully-ﾭ‐closed	 ﾠGet3	 ﾠ
state	 ﾠ(2WOJ).	 ﾠGet1	 ﾠdocking	 ﾠcauses	 ﾠthe	 ﾠopening	 ﾠof	 ﾠthe	 ﾠGet3	 ﾠdimer	 ﾠvia	 ﾠa	 ﾠsemi-ﾭ‐open	 ﾠ
state.	 ﾠAlso	 ﾠshown	 ﾠare	 ﾠthe	 ﾠassociated	 ﾠhypothetical	 ﾠmovements	 ﾠof	 ﾠGet3	 ﾠrelative	 ﾠto	 ﾠthe	 ﾠmembrane	 ﾠ(from	 ﾠnear	 ﾠto	 ﾠdistant),	 ﾠas	 ﾠwell	 ﾠas	 ﾠthe	 ﾠcoupled	 ﾠconformational	 ﾠchanges	 ﾠin	 ﾠ
the	 ﾠGet1/2	 ﾠTMDs	 ﾠ(from	 ﾠwide	 ﾠto	 ﾠnarrow).	 ﾠ	 ﾠ
Table	 ﾠ1:	 ﾠA	 ﾠcatalog	 ﾠof	 ﾠGET	 ﾠpathway	 ﾠcomponent	 ﾠstructures	 ﾠ
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